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(54) METHOD OF TESTING CHARACTERISTIC OF SINGLE-CRYSTAL SILICON 

(57)Abstract 

PURPOSE: To evaluate the dielectric strength of oxide film simply by slicing a single-crystal semiconductor silicon ingot into 
wafers, etching the wafers with a solution of hydrofluoric acid and nitric acid to remove distortion, and further etching them 
with an aqueous liquid of K2Cr207 and hydrofluoric acid. 

CONSTITUTION: A single-crystal semiconductor ingot obtained from silicon melt by the Czockralski technique or float zone 
process is sliced into wafers of a predetermined thickness. The wafers are etched with a solution of hydrofluoric acid and nitric 
acid to remove distortion, and further etched with an aqueous liquid of K2Cr207 and hydrofluoric acid for a predetermined time. 
As a result, the electric characteristic of silicon wafers, i.e., dielectric strength of oxide film, can be evaluated only by counting 
the number of waves in a pattern appearing on the etched surface. Therefore, it is possible to decrease the time required for 
polishing wafers and evaluation processes associated with wafer polishing. 
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CLAIMS 



[Claim(s)] 

[Claim I] After pulling up a silicon semi-conductor single crystal by the Czochrlski method or the float zone Czochralski method, 
After cutting down a single crystal to a wafer with predetermined thickness, etching a front face for the front face of this wafer with 
the mixed liquor of fluoric acid and a nitric acid and removing distortion, The electrical property inspection approach of the silicon 
single crystal characterized by counting the number of the ripple pattern which etched the front face of this wafer alternatively in the 
mixed liquor of K2Cr 207, fluoric acid, and water, and appeared in the front face, and carrying out crystal evaluation. 
[Claim 2] The electrical property inspection approach of the silicon single crystal according to claim 1 characterized by etching the 
single crystal wafer from which said distortion was removed for [ 10 minutes - ] 60 minutes with the mixed liquor of said K2Cr 207, 
fluoric acid, and water. 

[Claim 3] The electrical property inspection approach of the silicon single crystal according to claim 1 characterized by said silicon 
single crystal wafer consisting of a silicon semi-conductor single crystal raised with the Czochrlski method or a float zone method. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the approach of substituting for and inspecting evaluation of the oxide-film pressure-proofing which is the 
electrical characteristics, without making into silicon polish DOWEHA in more detail the silicon semi-conductor single crystal rod 
raised from silicon melt with the Czochrlski method (CZ) or a float zone method (FZ) about the electrical property inspection 
approach of a silicon single crystal. 
[Description of the Prior Art] 

After processing them into silicon polish DOWEHA (PW wafer) as a means to evaluate the quality of a silicon semi-conductor single 
crystal rod after pulling up a semi-conductor single crystal rod by the Czochrlski method or the float zone Czochralski method 
conventionally, the oxide film was attached to the silicon wafer front face, the polish recon electrode was attached further, bias voltage 
was impressed, and the so-called oxide film proof-pressure evaluation which measures the withstand voltage of an oxide film has been 
performed. Simulation almost equivalent to forming a device on a silicon wafer of this approach was completed, and since it inspected 
whether it is the quality to which a wafer suits device creation time, it was presupposed that it was it one of the important inspection 
techniques. 

[Problem(s) to be Solved by the Invention] 

However, in the above-mentioned oxide-film proof-pressure evaluation, when it was not after creating **PW wafer, there was a 
problem of** which cannot perform the evaluation that time amount great at the evaluation process is needed for ** pan and that an 
expensive thing was needed for the facility itself which ** evaluation takes. 

This invention aims at quick and offering the technique of the ability performing evaluation cheaply equivalent to oxide-film proof- 
pressure evaluation using the wafer cut down after silicon semi-conductor single crystal growth, without creating this oxide-film 
proof-pressure evaluation PW wafer. 
[The means for solving a technical problem] 

The electrical property inspection approach of the silicon single crystal of this invention After pulling up a silicon semi-conductor 
single crystal by the Czochrlski method or the float zone Czochralski method, After cutting down a single crystal to a wafer with 
predetermined thickness, etching a front face for the front face of this wafer with the mixed liquor of fluoric acid and a nitric acid and 
removing distortion, The front face of this wafer is alternatively etched in the mixed liquor of K2Cr 207, fluoric acid, and water, and it 
is characterized by counting the number of the ripple pattern which appeared in the front face, and carrying out crystal evaluation, 
in the above-mentioned evaluation approach, the thickness of a wafer has 0.3mm or more 2 desirablemm or less, and the ratio of 
fluoric acid and a nitric acid is smooth in a front face ~ about 1:3 thing is good for etching. Moreover, as for alternative etching of the 
wafer in the inside of the mixed liquor of K2Cr 207, fluoric acid, and water, it is desirable to carry out by being immersed in ordinary 
temperature into 1 0-minute or more 60 or less time amount and said mixed liquor. 

the water with which SECCO liquid (F. Secco D'AragonarJ.Electrochem.Soc. 1 19 (1972) 948) is well known as mixed liquor of K2Cr 
207, fluoric acid, and water, and the presentation melted 0.15-mol K2Cr 207, and 49% of fluoric acid - 1:2 - a volume ratio - it is 
made like. By carrying out selective etching of OSF after heat treatment (Oxidation Induced Stacking Fault), SECCO liquid is seen as 
a linear defective image, or has been used for seeing the slip rearrangement which entered during ingot training etc. However, seeing 
the ripple pattern on the wafer in this invention was not known. 

After cutting down a wafer from the silicon semi-conductor single crystal rod immediately after growth and carrying out mirror 
etching of the front face with the mixed liquor of fluoric acid and a nitric acid, if a front face is etched with the mixed liquor of K2Cr 
207, fluoric acid, and water, a ripple pattern will appear in a front face further. The example was shown in Fig. 1 . When it sees in a 
detail with an optical microscope, the small pit 2 can be seen at the tip of a ripple pattern 1, but it is easy to produce gas, such as 
hydrogen, in the part of this pit 2, and this ripple pattern 1 is produced as etching unevenness, when this gas escapes up. This can say 
also from a ripple pattern spreading above the direction of a vertical when standing a wafer into a solution. However, it is thought that 
this ripple pattern originates in the crystal defect of a certain kind which requires a crystal also as original. After investigating having 
the consistency difference of this ripple pattern by the mixed liquor of the K2Cr 207, fluoric acid, and water which are poured after 
silicon semi-conductor single crystal rod growth, some kinds of PW wafers are created, and equivalent evaluation can be performed, 
without actually creating PW wafer and carrying out oxide-film proof-pressure evaluation from oxide-film pressure-proofing being 
investigated and there being good correlation about both. 
[Function] 

After cutting down a wafer from the silicon semiconducting crystal rod immediately after growth, etching a front face with the mixed 
liquor of fluoric acid and a nitric acid and removing distortion, by etching a front face with the mixed liquor of K2Cr 207, fluoric acid, 
and water, a pit and a ripple pattern are produced, the consistency of the ripple pattern is investigated, and oxide-film pressure- 
proofing is evaluated by using the correlation of the consistency of a ripple pattern, and oxide-film pressure-proofing. 
[Example] 

An example is given to below and this invention is further explained to a detail. 

Two or more silicon semi-conductor single crystal rods with a diameter of 130mm were pulled up by the CZ process and the FZ 
method. It adjusted so that boron might be doped in a quartz crucible with a diameter of 45cm to a CZ process and electrical resistivity 
might serve as 10-ohmcm. The single crystal rod pulled up pulled up, and all bearings were <100>. When pulling up a silicon semi- 
conductor single crystal rod by the CZ process, it pulled up in order to change the value of oxide-film pressure-proofing, and the rate 
was changed for every batch from 0.4 mm/min to 1 .7 mm/min. In addition, if a raising rate is made quick, it is known well that oxide- 
film pressure-proofing will deteriorate. 
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From the inside of the lengthened silicon single crystal rod, the silicon wafer of I mm thickness was cut into round slices by the 
diamond saw, and the sample was presented. SECCO liquid after carrying out mirror etching of this silicon wafer by the mixed liquor 
of the above-mentioned fluoric acid and a nitric acid and rinsing with pure water well — a front face — 1 to 60 minutes — between 
selective etching was carried out. The ripple pattern as showed the wafer in Fig. 1 which spreads in the direction upper part of a 
vertical stood into the solution was observed by etching 10 minutes or more. When etched by the etching time exceeding 60 minutes, it 
turned out that ripple patterns overlap and it becomes inconvenient the carrying out consistency WOKAUNTO. While [ 30 minutes ) it 
was thought that it was right just, it etched with this liquid and the consistency at this time was counted with the optical microscope. 
What contrasted the result with the rate of crystal growth was shown in Fjg^_2 . The count of a ripple pattern was expressed with the 
SEKOPITTO consistency all over the 2nd Fig. When the rate of crystal growth became quick, it turned out that a SEKOPITTO 
consistency increases and goes. 

Furthermore, PW wafer was created from this CZ silicon semi-conductor single crystal rod. When the front face was similarly etched 
with SECCO liquid and the SECCO etch pit consistency was measured using the PW wafer, density distribution equivalent to the 
experiment conducted immediately after the above-mentioned training was acquired. Therefore, according to the approach of this 
invention, even if it did not wait until it made PW wafer, it turned out that a SECCO pit consistency can be measured, 
in order to investigate correlation with the SECCO etch pit consistency of this wafer, and oxide-film pressure-proofing - PW wafer - 
an oxide-film proof pressure - the heat treatment process of business was given. After cleaning this wafer by RCA washing, gate 
oxidation was performed for 100 minutes at 900 degrees C, and the 25nm oxide film was formed. Furthermore, polish recon was 
deposited on it, phosphorus was diffused, and the electrode pattern of 2 was formed 8mm. In order to measure the dielectric 
breakdown voltage of an oxide film, the electrical potential difference was impressed so that it might become the electric field of 
several MV/cm between an electrode and a silicon substrate. The place where a current begins to flow two or more 1 mA/cm was 
defined as dielectric breakdown voltage. The rate of an excellent article was computed by judging a rate with oxide film pressure- 
proofing of 8 or more MV/cm to be an excellent article, dividing the number of excellent articles by the total of this chip formed into 
one PW wafer, and doubling 100. Contrast of a SECCO etch pit consistency or the rate of an oxide-film proof-pressure % excellent 
article to cut was shown in Fig. 3 . When both showed clear correlation and the SEKOPITTO consistency became high, it turned out 
that oxide-film pressure-proofing has deteriorated. 

When the same experiment was conducted with the wafer extracted from FZ silicon semi-conductor single crystal rod, between a 
SECCO etch pit consistency and oxide-film pressure-proofing, what the same thing can completely be said for was understood. 
Therefore, according to the approach of this invention, even if it made PW wafer and did not carry out oxide film proof-pressure 
evaluation, by investigating about the wafer which started the SECCO etch pit consistency from the silicon semi-conductor single 
crystal rod immediately after growth, the oxide film proof-pressure property was found, and the effectiveness of this invention was 
proved. 

[Effect of the Invention] 

According to this invention, the silicon semi-conductor single crystal rod raised from silicon melt with the Czochrlski method or a 
float zone method A single crystal rod is cut down to a wafer with predetermined thickness, without being based on a silicon poly 
SHISSHUDO wafer. Etch the front face with the mixed liquor of fluoric acid and a nitric acid, and predetermined time etching is 
carried out after removing distortion in the mixed liquor of K2Cr 207, fluoric acid, and water. Evaluation equivalent to evaluation of 
the oxide-film pressure-proofing which is the electrical characteristics of a silicon wafer can be performed only by counting the 
number of the ripple pattern which appeared in the front face. Therefore, quick and evaluation cheaply equivalent to oxide-film proof- 
pressure evaluation can be performed using the wafer which is cut down and carried out after silicon semi-conductor single crystal 
growth, without requiring the time amount which the time and effort which creates polish DOWEHA, and the accompanying 
evaluation process take, the expensive facility which evaluation takes according to this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

The sketch Fig. of the ripple pattern of the silicon wafer front face when Fig. 1 carrying out mirror dirty [ of the silicon wafer ], and 
etching with SECCO liquid, The graph which shows contrast with the consistency (SECCO etch pit consistency) of the ripple pattern 
of the silicon wafer front face when Fig. 2 carrying out mirror dirty [ of the CZ silicon wafer ], and etching with SECCO liquid, and a 
crystal raising rate, Fig. 3 is a graph which shows contrast with the consistency (SECCO etch pit consistency) of the ripple pattern of 
the silicon wafer front face when carrying out mirror dirty [ of the CZ silicon wafer ], and etching with SECCO liquid, and the rate of 
an oxide-film proof-pressure % excellent article. 
I - A ripple pattern, 2 -- Pit. 
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